Abstract. In the present study, we analyzed the cell lysates of human tumour cell lines representing two major clinically different types of breast cancer. Our main goal was to show the differences between them on proteomic level. Gel electrophoresis followed by MALDI-TOF MS analysis was used for proteins determination. Exactly 98 proteins were unequivocally identified and 60 of them were expressed differentially between MDA-MB-231 and MCF-7 cell lines. Among the proteins reported here, some well-known breast cancer markers (e.g., annexin A1, annexin A2 and vimentin) were identified in the MDA-MB-231 cell line and thus we were able to distinguish both cell lines sufficiently.
In the present cancer research, tumour cell lines have wide utilization as in vitro models that provide essential tools in many aspects of laboratory research. Their using offers a lot of advantages, e.g., unlimited self-replication source of sample, easy handling, and relatively high degree of homogeneity (Khan 2013; Bialesova et al. 2015) . Nevertheless, the utilization of cell lines has also some drawbacks because they do not represent the current diversity and heterogeneity of tumour, and moreover their genotype and phenotype can drift during their continual culture (Mladkova et al. 2010) .
Generally, breast cancers are assorted into 3 clinical types based on the presence or absence of three biomarkers: (1) human epidermal growth factor receptor 2 (HER2)-positive, (2) estrogen receptor (ER) and/or progesterone (PR)-positive/ HER2-negative and (3) triple-negative (Whelan et al. 2012) . MCF-7, established at the Michigan Cancer Foundation in 1973 (Soule et al. 1976) , and MDA-MB-231 established in 1974 (Cailleau et al. 1974) are the most commonly used breast cancer cell lines in the world. Both lines originated from pleural effusions of metastatic mammary carcinoma patients (Mladkova et al. 2010) . MCF-7 cells were isolated from 69 year old woman with metastatic disease (Keen 2010) and they represent an ideal model for studies of hormone response because they have high hormone sensitivity through expression of ER (Levenson and Jordan 1997) . This cell line expresses markers of the luminal epithelial phenotype of breast cells, the MDA-MB-231 line does not express them but it contains a high level of vimentin, a marker of the mesenchymal phenotype. MDA-MB-231 is also used as a model for triple negative breast cancers (Mladkova et al. 2010 ). These two cell lines are used in the present study in an attempt to compare their protein patterns by using the combination of two methodological approaches, SDS-PAGE and mass spectrometry (MS).
The cancer cell cultures were purchased from the HPACC (Salisbury, Great Britain). Cells were grown and passaged routinely as monolayer cultures. For experiments, the cells were used at passage 10-30. Cells were seeded in Petri dishes in Dulbecco´s modified Eagle´s medium (DMEM) supplemented with 10% fetal bovine serum (FBS), antibiotics (penicillin, streptomycin, gentamicin) and cultured in humidified atmosphere of 5% CO 2 and 95% air at 37°C. After incubation, the cells were washed with ice-cooled PBS. The cell lysis was made according to manual instruction from the RIPA buffer by Sigma. The cell lysates were stored at -70°C for further use. Before gel electrophoresis, samples were dialyzed against deionized water using Slide-A-Lyzer dialysis cassettes (Thermo Fisher Scientific, Waltham, MA, USA) with 2 kDa cut-off and lyophilized. Purified samples were dissolved in 300 µl of the Laemmli sample buffer. After briefly being boiled (10 min, 95°C) in a water bath, samples were applied onto the 12% SDS gel. Separations were performed at constant voltage 140 V. The visualization was carried out using Coomassie Brilliant Blue G-250 dye. Stained protein spots were excised from the gel and digested (after reduction with 10 mM dithiothreitol and subsequent alkylation with 55 mM iodoacetamide) with trypsin (digestion buffer: 50 mM NH 4 HCO 3 , 5 mM CaCl 2 , 12.5 ng/μl of enzyme) overnight at 37°C. The resulting tryptic peptides were extracted from the gel by 0.1% trifluoroacetic acid (TFA) and acetonitrile (1:1, v/v). For mass spectrometric analyses, the extracts were purified by ZipTip C 18 (Millipore).
A solution of α-cyano-4-hydroxycinnamic acid (8 mg/ml in acetonitrile/0.1% TFA, 1:1, v/v) was used for both MS and MS/MS analysis of peptides. MALDI MS experiments in positive ion reflectron mode were performed on AB SCIEX TOF/TOF™ 5800 System (AB SCIEX, Framingham, MA, USA) equipped with a 1 kHz Nd:YAG laser. Acquired mass spectra were processed using 4000 Series Explorer software and the data were submitted to the Mascot database searching. Protein identifications were assigned using the NCBInr database with taxonomy restriction to Homo sapiens. Maximum tolerance for peptide masses as well as fragment error was set to 0.3 Da. Additional parameters used: enzyme trypsin; allowed missed cleavages: up to one, fixed modification: carbamidomethyl, no variable modification; peptide charge: +1; monoisotopic masses; instrument MALDI-TOF/TOF.
In this work, we compared protein patterns between MCF-7 cell line and MDA-MB-231 cell line by simply comparative proteomics based on combination of 1D-GE and tandem MS. Comparative proteomics offers a dynamic view on the proteome including the qualitative and quantitative changes of proteins (Farinha et al. 2011) . Our study had two aims: a) to perform a basic comparison of breast cell lines based on SDS-gels protein profiles; and b) to identify the major proteins of both cell lines. Fig. 1 shows protein profiles of the studied cell lines. A visual inspection of protein patterns indicated that MCF-7 cell line shares a lot of similarities with the line MDA-MB-231. Significant differences in the electrophoretic profiles of both cell lines were observed at molecular masses of about 35, 44, 53, 100-120 and 210 kDa. Different as well as mutual strongest protein bands on the gels, marked in Fig. 1 , were excised, in-gel digested with trypsin and gained peptide mixtures, originated from individual gel bands, were analyzed by MALDI-TOF MS. Additional MS/MS analysis of individual peptides and following database searching resulted in identification of the proteins summarized in Table 1. MALDI-TOF MS analysis revealed 98 proteins across MCF-7 and MDA-MB-231 (Table 1) . Out of which 60 were mutually differently expressed for MDA-MB-231 and MCF-7.
Identified proteins can be divided into several main groups: (1) actins; (2) actinins; (3) tubulins; (4) heat shock proteins; (5) annexins; (6) keratins and (7) others.
Actins (band 1, 16, 17), actinins (band 5, 6) and tubulins (band 13) represent major proteins observed in both studied cell lines. The most numerous group of heat shock proteins at complete scale of molecular weights is included in both cell lines (bands 4, 8, 9, 11) . These proteins interact dynamically with various co-chaperones that modulate their substrate recognition, ATPase cycle and chaperone function. Furthermore, heat shock proteins, in general, are also involved in mode of steroid hormones action through their cognate nuclear receptors (Beato and Klug 2000) and in the response to stress (Beere 2004) . Within 32 proteins detected only in estrogen receptor-positive MCF-7 cells, fatty acid synthase expression and activity have been shown to be mediated by the G protein-coupled estrogen receptor in cancer cells and cancer-associated fibroblasts that strongly contribute to cancer progression (Santolla et al. 2012) . Also, the relationships among estrogen receptor, progesterone receptor and glucose-6-phosphate dehydrogenase activity have been demonstrated in MCF-7 cells (Nerurkar et al. 1990 ). Within 30 proteins detected in estrogen receptor-negative MDA-MB-231 cells, moesin plays a marked role in the cancer cell invasiveness and pattern of metastasis characteristic of estrogen receptor-negative breast cancers (Carmeci et al. 1998 ). All-trans retinoic acid acting through nuclear retinoid receptors was found to increase the expression of all-trans retinoic acid receptor beta causing an inhibition of the 60% in cell migration and significantly decreases the expression of moesin and other migration-related proteins (Flamini et al. 2014) .
Among proteins with regard to early cancer detection, of importance are predominantly heat shock protein HSP 90-beta isoform a (band 7), or heat shock 70 kDa protein 8 isoform 1 (band 8).
As expected, some well-known human breast cancer markers, such as annexins were also identified in this experiment. According to our results, annexin A1 and A2 (band 18 and 19) are selectively expressed in the invasive/ metastatic MDA-MB-231 cells but not in the invasive/ nonmetastatic MCF-7. Generally, annexins are proteins capable to reversibly bind to negatively charged phospholipids in a Ca 2+ -mediated manner (Moss and Morgan 2004; Laohavisit and Davies 2009; Peng et al. 2014) . Annexin A1 seems to act as a tumour suppressor in cells. Strong downregulation of annexin A1 has been described at prostate, head, neck, and esophageal cancers, and on the other hand, up-regulation at hepatocarcinoma and pancreatic cancer (Ang et al. 2009 ). Increased expression of annexin A2 is also frequently observed in a broad spectrum of cancer cells (Wang and Lin 2014) .
In contrast, only MCF-7 cells were found to be positive for cytokeratins and keratins (band 5, 11, 13, 14, 15, 16, 18 ). This finding is in a good agreement with results of Whelan et al. (2012) who described keratin 8 and 18 as other potential biomarkers in conjunction with keratin 19.
In the group marked as "others", we have found a lot of differently expressed proteins. The protein (band 12), which was identified from the spot about 50 kDa, represents an example of noticeable differences in the electrophoretic profiles of both cell lines. It corresponds to vimentin, specific protein for MDA-MB-231, which has been known to participate in a number of crucial functions, often related to organization of proteins that are involved in adhesion, migration, and cell signaling (Ivaska et al. 2007 ). Expression of this mesenchymal marker only in MDA-MB-231 cells and its non-detectability in the MCF-7 cells have also been described by other authors (Blick et al. 2008 ).
In conclusion, using basic proteomic analysis, we compared two different human breast cancer cell lines -MCF-7 and MDA-MB-231. Our attention was focused predominantly on major differences in their protein pattern, since, the differences in their phenotypes, especially from the protein composition point of view, have not been taken into account by many scientists (Mladkova et al. 2010) . MALDI-TOF MS revealed almost one hundred proteins and 30 of them seem to be either up-regulated or specific to MDA-MB-231 in comparison with MCF-7 cells.
Thus, we presented the usefulness of this approach that can be utilized for basic comparisons of protein patterns of selected or unknown and new cell lines. Additionally, in this way, it is possible to specify a set of proteins recorded only in the particular lines, as we have shown in this work. Subsequently a decision about usage of the cells can be made based on their above mentioned proteomic similarity or dissimilarity.
